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In many cases, the relationship between environmental pollution and economic development can be generally depicted by an inverted U-shaped curve, or an environmental Kuznets curve, where pollution increases with income at the beginning and decreases after a certain level of income. However, what determine the shape of an enviornmental Kuznets curve, such as the height and the turning point of the curve, have not been thoroughly studied. A good understanding of the determinants is vitally important to the development community, especially for the developing world, where income growth is a high priority and yet environmental This paper is a product of the Environment and Energy Team, Development Research Group. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at hwang1@worldbank.org. pollution also needs to be carefully controlled. This study analyzes the impacts of economic structure, development strategy and environmental regulation on the shape of the environmental Kuznets curve with a city-level panel dataset obtained from China. The results show that economic structure, development strategy and environmental regulation can all have important implications on the relationship between environmental environmental quality and economic development but the impacts can be different at different development stages.
Introduction
Since Grossman and Krueger (1991) and Shafik and Bandyopadhyay (1992) reported inverted U-shaped pollution-income relationships, research on the hypothesis of an Environmental Kuznets Curve (EKC) has been extensively conducted.
2 There is a good theoretical argument for the potential existence of EKC. Even though pollution reduction mechanisms can be different in different areas, the final pollution levels should be the results of trade-offs between decreasing marginal utility of consumption and increasing disutility of pollution that are associated with economic growth. Once the income reaches a certain level, the marginal disutility from pollution will surpass the marginal utility from consumption, and it is necessary to spend more resources on pollution abatement in order to maximize the utility. From then on, a dichotomy between pollution and income growth becomes possible.
Extensive empirical studies have also been conducted on the relationship between pollution and income. These studies, however, have faced a number of strong critics. The first group of critics is related to the empirical estimation strategy. Although the EKC theory describes essentially a dynamic path for a single economy"s environmental quality and economic growth, most of the empirical EKC analyses have used cross-country data, implicitly assuming that the countries included in the sample follow the same pollutionincome trajectories. However, the inverted-U relationship between pollution and income estimated from cross country data should not hold for specific individual countries. The often observed great sensitivities of EKC shapes with respect to time periods, country samples and functional forms also casted doubt on the appropriateness of using cross-country EKC to interpret the pollution-income relationship for an individual country. 3 The second group of critics concerns the policy implications of EKC analyses. Most EKC studies have only described reduced-forms of the relationship between pollution and income. The different shapes of EKC found in the past can only capture the "net effects" of income on environment, where "income growth is used as an omnibus variable representing a variety of underlying influences, whose separate effects are obscured" (Panayotou, 2003) , and therefore no clear development policy implications can be directly drawn from the estimated coefficients of the polynomial income terms.
In response to the first group of critics, a small body of research has focused on countryspecific EKC estimations, including Roca et al (2001) on CO 2 , SO 2 and NO X emission in Spain (1973 Spain ( -1996 , Friedl and Getzner (2003) on CO 2 emission in Austria , and Lindmark (2002) on CO 2 emission in Sweden (1870 Sweden ( -1997 . Several studies, like Vincent (1997) on Malaysia, Auffhammer (2002 ), de Groot et al (2004 and He (2009) on China, used province-level panel data in their EKC estimations; others, like Millimet et al. (2003) and Roy et al. (2004) , used the US state-level data and tested the EKC hypothesis by employing the non-parametric method. These studies indicated that the shape of the inverted-U form relationship between pollution and income could be attributed to technical progress, output mix changes, and variations in foreign trade and/or external shocks like oil crisis, which happened during the period of investigation.
Another body of research, while still using international or regional panel data, employed a multi-function system estimation approach which permits attributing countryspecific random coefficients to the income and squared income terms (List and Gallet, 1999; Koope and Tole, 1999 and Halkos, 2003) , in response to the first group of critics. These studies revealed remarkable differences between countries (or states) in their EKC forms and turning points. However, due to the complexity of this estimation method, these studies did not analyze the influence of country-or region-specific characteristics in the country-or region-specific EKC coefficients. Only some simple discussions can be made on the relationships between certain structural, population and geographical characteristics of an economy after the turning point of each different economy had been calculated from the country-specific random coefficients (List and Gallet, 1999) .
Research efforts have also been made in response to the second group of critics. Heightadjustments have been widely made to the basic EKC model and can provide policy implications on pollution control. These adjustments accept the inverted U curve as an artifact for a dynamic pollution-income relationship of a single economy but suspect the credibility of a simple extrapolation from the international experiences to an individual country"s dynamic process, given the heterogeneous structural and technical characters between the countries. The original reduced-form EKC is then added with other pollution determining factors, such as industrial structure, technical progress, openness degree, income distribution, population density, and political and institutional development, etc.
4 These efforts succeed in distinguishing part of the pollution variations from the income changes and providing some policy suggestions. But the characteristic variables included in the models can only switch the EKC up or down, leaving the turning points and the basic forms of EKC curves solely determined by income variation.
A small number of studies have also tried to make slope-adjustments to the basic EKC model. These studies use multiplicative terms of per capita income with other characteristic variables in EKC estimations. By doing so, the influences of characteristic variables on EKC shapes can be directly captured by the coefficients of the multiplicative terms. The first of such studies can be found in Panayotou (1997) , in which the author included economic growth rate, environmental policy indicators and their multiplicative terms with income into the estimation of EKC. Antweiler et al (2001) employed multiplicative terms of openness degree with income in their pollution determinant analysis. Arcand et al (2008) employed a multiplicative term in their deforestation EKC estimation to identify the total marginal impact of the real exchange rate on deforestation. Merlevede et al (2006) added firm size as a determinant of the coefficient of income and found that firm size matters but not in a linear way: countries with bigger firms generally experience higher levels of environmental degradation than those with small firms, but only in the initial stage of economic development.
This study provides further analyses on the multiplicative EKC model with both height and slope adjustments to the basic EKC and conducted empirical estimations with Chinese 4 Surveys on other pollution determinants included into EKC analyses can be found in Dinda (2004) and Stern (2004). data. The determinants of EKC shapes are empirically analyzed with the multiplicative EKC models with which economic structure, development strategy and environmental regulation are considered as the determinants of both the height and the slope of EKCs. The multiplicative EKC models are estimated with a panel database of 74 Chinese cities during the period of 1991-2001. Included in the analyses are three most important pollutants in the air in China: Total Suspending Particle (TSP), Sulfur Dioxide (SO 2 ) and Nitrogen Oxide (NO x ). The results confirm in general a better estimation efficiency of the multiplicative EKC model and demonstrate the significant impacts of economic structure, development policy as well as environmental regulation on the relationship of pollution and income. This implies that while income growth in the long run can help reduce pollution, adjustments in economic structure, development strategy and environmental regulation in right directions can also play active roles in reducing pollution. This paper is organized as follows. In the next section we provide an overview of the multiplicative EKC models and present the empirical models that are used in our analyses. The data and the results of the study are presented in section 3 and 4. Section 5 concludes the paper.
The Models

The Basic Model
Following Panayotou (1997) and other studies, a conventional EKC model can be specified as follows:
where E it is a pollution indicator, such as concentration of a pollutant in the air; Y it is per capita income; Z kit are a set of control variables; a, b and c are parameters. Subscript i and t represent the economy and the time in consideration, and subscript k represents the kth control variable and takes numbers from 1 to K; u and  are random error terms.
The control variables, Z kit , are usually location specific and exogenous at least economically, and in our analyses they include geographical location dummies (north: 1=northern cities and 0=southern cities, divided by the Yangzi River; coastal: 1=coastal cities and 0=inland cities), population density 5 (popden) and land area 6 (area).
The Height Adjustment
A height-adjustment EKC model can be developed by adding relevant policy variables into the constant term of the basic EKC model (1), similar to the set of control variables (Z kit (2) where S it stands for structure of an economy, R it for strictness of environmental regulation, and Open it for openness degree of an economy.
The selection of these variables is based upon previous studies, data availability as well as modeling consideration such as the multicollinearity concern. These variables were called as structural determinants of EKC in several previous studies (Grossman, 1995; Antweiler et al. 2001; He, 2009; etc.) . According to Grossman (1995) "s decomposition analyses, pollution from an economy, when considered as a by-product of the productive activities, is determined by the scale effect, composition effect and technique effect of the economy. The scale effect is expected to be a pollution-increasing factor -"All else equal, an increase in output means a proportionate increase in pollution" (Grossman, 1995) . The composition effect measures the influence on emission of a change in the structure of economic activities. All else equal, if the sectors with high emission intensities grow faster than the sectors with low emission intensities, the composition change will result in an increase in pollution. The technique effect measures the influences from the technical progress on pollution. The decrease in sector emission intensities, as a result of the use of more efficient production and abatement technologies, can reduce the total emission and therefore improve the environmental quality. Because of the close correlation between the scale effect and income, only the composition effect and the technique effect are included in our models.
Economic structure, denoted as S it in the EKC model (2) and corresponding to the composition of an economy, is very often measured by capital-abundance ratio (K/L) it (e.g., Taylor, 1994 and Antweiler et al. 2001; Cole et al., 2003; Cole and Elliott, 2003 and He, 2009 ), and we use the same measurement in this study. A sector where the production procedure uses capital more intensively may have more pollution problems, and therefore a positive effect of this variable on the EKC shape is expected.
The role of environmental regulation (R it ) on EKC has been analyzed in the literature (Shafik, 1994; Baldwin, 1995) . Environmental regulation can be significantly correlated with income Wheeler, 2003 and 2005) . In order to reduce the potential collinearity between environmental regulation and income in estimating our EKC models, we choose the percentage of environmental staff over total government staff as an approximation to the relative strictness of environmental regulation. 7 In China, municipal governments are not responsible for making environmental regulations but enforcing them. The differences in the strictness of environmental regulations in different municipalities mostly come from local enforcement (Wang and Wheeler, 2005) . We therefore expect an environment-improving effect on EKC shape of environmental regulation. Antweilet et al. (2001) further analyzed the decomposition idea through a general equilibrium model and identified the interactive role of the international trade with both the structural and technique effects. Their model suggests that international trade can actually affect emission of an economy from two aspects. Taking the example of China, on one hand, the "pollution haven" hypothesis suggests China to specialize in some pollution-intensive industries; on the other hand, considering China"s extremely rich endowment in labor forces, traditional comparative advantage hypothesis also suggests its industrial structure to specialize in the less-polluting labor-intensive industries. The total effect of trade on environment in China actually depends on the relative forces between its factor endowment, also measured by (K/L) jt , and its environmental regulation strictness. To capture the impact of trade on pollution, Antweilet et al. (2001) added three groups of openness related variables into the EKC models, which include the simple trade openness variable (to capture the direct impact of trade on environment), the multiplicative term of trade variable with the capitallabor abundance ratio (K/L) jt and the multiplicative term of trade variable with environmental regulation strictness (to capture the force-contrast between the pollution-haven-based and the traditional factor-endowment-based comparative advantages and their impacts on environment.
The openness degree is often measured as trade intensity in the literature, which is equal to the ratio of total export and import over total GDP. We use Open it to mention it in our EKC models. Unfortunately, the direct city-level export and import statistics are not available for the study period.
8 However, foreign direct investment (FDI) can be an important explanation for the fast development of China"s export activities. This can be especially true during our study period of 1991-2001. During this period, attracted by China"s export-promotion FDI strategies and cheap labor-force pool, the export-oriented capital from Hong Kong (SAR China) and Taiwan (China) became the most important foreign capital source for the Chinese mainland economy (Zhang, 2005) . Branstetter and Lardy (2006) also pointed out that the "most exports of electronic and information products are assembled not by Chinese owned firms but by foreign firms that are using China as an export platform."
9 Considering the close relationship between FDI entry and China"s export performance, we decided to use the ratio of capital stock of foreign direct investment in the total capital stock of each city to measure each city"s degree of openness.
The Slope Adjustment
A multiplicative EKC model can be developed by simply extending the heightaugmented EKC model to include the slope-adjustment variables. While it is not feasible to include multiplicative terms for all potential policy-relevant variables in the EKC model, due to the potential strong collinearity, we only include the multiplicative terms for the first-order income variable 10 . The final multiplicative EKC model used in our estimation is as follows: 
The relationship of pollution E it with income Y it can be viewed as having three components: a conventional EKC, the height-adjustment terms and the slope-adjustment terms. The conventional EKC part simply records the general correlation between income and pollution which is common to all cities. Both the height-and slope-adjustment components provide adjustments in the shape of EKC of an individual city to the common correlation. Equation (4) shows that the slope of EKC can be affected by those structure and policy variables and is time and city specific. Because the sign, either positive or negative, and the magnitude of the slope gives the direction of movement of a city along an EKC, estimations and analyses of equation (4) can directly provide policy suggestions. For example, as shown in equation (4), if the coefficient a 1 is positive, an increase in the value of S for a particular city i at a particular year t may bend the EKC upwards, and therefore policies may need to be developed to reduce the value of S. If the coefficient a 2 is negative, a reinforcement in environmental regulation for city i at year t may bend the EKC downwards, and an increase in the value of R is desired. Because of the existence of the multiplicative terms of S and R with openness degree, the final impacts of these two variables will also depend on the coefficients a 4 and a 5 as well as the value of openness degree.
The turning points of EKCs can also be estimated and simulated by putting a value of zero to the slope equation. As shown in equation (4), the turning points are also affected by those structure and policy variables. It is also worthy to note that the pollution-income trajectory of each city is path-dependant, and the trajectories can be adjusted through reforming the economic structure, development strategy or environmental regulation. As one can see from equation (4), if two cities start from the same levels of pollution and income and if they have different economic structures, levels of environmental regulation or openness degrees, their EKC trajectories can be totally different. This is because each year these structure and policy variables change the EKC trend of a particular city, and in the following year, the new adjustment will be added to the results of the previous years.
In this study, with the empirical results of equation (3), simulations are conducted to assess both the overall impacts of the structure and policy variables on an EKC and the EKC trends of a few representative cities in China.
The Relations of the EKC Models
The relationship between conventional EKC, height-adjusted EKC and slope-adjusted EKC can be illustrated as in Figure 1 . In figure 1, in each of the two panels, three EKC models are illustrated: the conventional EKC, height-adjusted EKC, and height-and slope-adjusted EKC. At income level of Y 0 , on the conventional EKC, the pollution level is E 0 , but the heightadjustment, which is city-specific, makes the height of EKC to E 0 ". If the slope-adjustment effect is included, the EKC shape will be changed to a final city-specific one. Both the height and slope adjustments can be upward or downward. In panel a of the figure, we illustrate the situations where both slope and height adjustments to the conventional EKC are upwards (i.e. worse environmental situation) and in panel b, both slope and height adjustments are downward (i.e., better environmental situation). Surely, it is also possible that upward (downward) slope adjustment can be combined with downward (upward) height adjustment. Choosing Chinese city-level air pollution concentration data to carry out our analyses has several merits: First, China is the world"s largest developing country. A better understanding of the relationship between development and environment in China itself has significant policy implications. China"s economic growth benefited principally from its rapid industrialization and urbanization process during the last 30 years. However the serious air pollution problem in the urban area has become a heavy burden for future industrialization and urbanization for this big country, which still has 70% of its population living in its rural area. In terms of air quality, it is reported that 16 out of 20 world"s worst polluted cities are located in China (Blacksmith Institute, 2007) . Diagnosing the underlying structural and institutional determinants of pollution can provide policy suggestions for sustaining its rapid economic development. In the meanwhile, for those developing countries which want to follow Chinese economic growth strategy, lessons obtained by Chinese EKC analyses can also be beneficial.
Secondly, China"s unified national statistical system promises data with comparable quality on both pollution and economic variables for different cities, while international studies usually suffer from data incoherence problems between different countries. Thirdly, the use of pollution concentrations as environmental quality indicators has advantages over the use of emission information, because emission is more distant from environmental quality. Moreover, as TSP, SO 2 and NO x are conventional pollutants, the results of our analyses can be easily compared with those in the existing literature, such as Grossman and Krueger (1994) , List and Gallet (1999) , Antweiler et al. (2001) and Milimet et al (2003) , where the city-level SO 2 and NO x concentrations were analyzed.
However, we also observe some instability and revision in Chinese urban economic statistics. Most of these problems come from the fact that the territories of the cities experienced some changes during the period of our study. Fortunately, the territory changes happened to the cities included in our study are all city-enlargement in which the smaller satellite towns around the cities were officially included as city districts. Therefore, to keep the statistics coherent during the time period, we add up the original economic statistics of the satellite towns to their associated agglomeration centers for all the years before the enlargement.
The statistics of the variables used in our estimations are reported in Table 1 . From this table we can observe large disparities between the cities, not only in their income level, economic structure, environmental regulation strictness and openness degree, but also in their air pollution situation.
<Insert Table 1 
Results
In tables 2-4 we report the estimation results of the basic EKC model, the heightadjustment model and the full model. In table 2 we summarize the results for NOx, table 3 for  SO 2, and table 4 for TSP 12 . In each table, the first two columns provide the results of both fixed and random effect estimation of the basic EKC model, where only income terms are included. The following two columns report the estimation results of the height-adjustment EKC, and the last two columns report the estimation results of the full model.
< Insert Table 2-4 about here>
For each pollutant, as expected, with the inclusion of additional structural variables, the explanation power of the model increases significantly. The adjusted R-squared increases from 0.02 for the basic model to 0.50 for the full model with the random effect estimation technique. Also as expected, the significance of the linear income terms is getting lower while additional structure variables, and especially the multiplicative terms, are included.
In tables 2-4, one can also find that environmental quality improvement is associated with time, which is indicated by the significant, negative coefficients of the variable Year. Higher population density (popden) seems positively correlated with the height of EKC. Northern and inland cities generally have more air pollution problems, particularly for the cases of NOx and TSP. The estimation results also suggest that the cities with larger total land area have more serious air pollution problems. All of these findings are reasonable ones.
Comparisons between the height-adjustment and the full EKC models give interesting findings. For the case of NOx concentration, the adjustment effects of openness degree and economic structure are statistically more significant in the height-adjustment model than that in the full model. The cases of SO2 and TSP are totally different: the statistically significant coefficients for these two variables appear only after their multiplicative terms with per capita income are included into the full-model estimation. For environmental regulation, we find significant impacts for all three pollutants.
In order to have an overall and visual comprehension on how the economic structure, openness and environmental regulation affect the shapes of EKC, three sets of EKCs are drawn for each of the pollutants and are presented in Figures 2, 3 and 4. For each of the curves, the pollution-income relationship is simulated while all other variables are kept at the mean values of the sample except for the variable under investigation, which takes the values of the mean value, the 15 percentile (15%), the median (50%) and the 85 percentile (85%) of the sample. Figure 2 depicts the adjustment effects of the three factors studied in this paper on the EKC of NOx concentration. The mean EKC is simulated by fixing the values of the heightand slope-adjustment factors at their sample mean levels. We can see from the figures that the relationship between NOx concentration and income stays as a positive one. The first panel of Figure 2 indicates that the higher the capital abundance ratio, the lower the NOx concentration. This might be explained by the fact that many capital intensive sectors are also clean sectors (Dinda et al, 2000) . For the case of environmental regulation, its impact on EKC changes its sign after the per capita GDP equals 3000 yuan. Given that only 13.5% of observations have an income lower than 3000 yuan and that most of these observations are from early 1990s, we believe that in general a stricter environmental regulation leads to a lower NOx concentration level. The openness degree also shows its impact change after the income level gets to 2200 yuan. We can generally say that the higher the openness degree, the higher the NOx concentration after income reaches to a certain level Another interesting finding is that in general the shape-adjustment effects of the three factors increase with income, which is indicated by the increasing gaps between the simulated curves and the initial mean curve.
< Insert Figures 2-4 here>
Different results are found in the case of SO2 (see figure 3) . For the economic structural measurement, capital abundance ratio has a negative correlation with SO2 concentration first and then the correlation becomes positive after the income reaches to the level of 8150 yuan. This finding echoes with the previous empirical findings about the ambiguity of the capital-abundance ratio as a structural measure of environmental performance for an economy. The impact of environmental regulation on SO2 concentration becomes negative after the income reaches to 4900 yuan. About 40% of the observations in our sample have an income level lower than 4900 yuan. A possible explanation for this correlation is the potential correlation between environmental regulation and income growth, which makes the possibility of having a stricter environmental regulation less effective on SO2 emission for lower income areas Wheeler, 2003 and 2005) . Another finding is that the openness degree is positively correlated with SO2 concentration and the adjustment effect of openness degree shrinks with income in the case of SO2 concentration, which is different from the case of NOx.
For the case of TSP, environmental regulation seems to have a slight pollution reduction effect only when income is higher than 4900 yuan (see figure 4) . Both the capitalabundance ratio and the openness-degree are pollution increasing factors, and the increases move the EKCs upwards. Moreover, the higher the income, the larger changes the curves will have.
Comparing the curves over all three pollutants in Figures 2-4 , we observe consistent positive impacts of openness degree on pollution concentration. The impacts of environmental regulation become favorable only after income reaches to a certain level, but in general, environmental regulation helped reduce pollution. For the environmental implications of capital-abundance ratio, they are favorable for NOx and unfavorable for TSP in general, and favorable for SO2 in low income areas and unfavorable for SO2 in high income areas.
The empirical results presented in tables 2-4 can not only be employed to illustrate how the structural variables affected the pollution-income trajectories in different cities in the past, such as the analyses presented in Figures 2-4 , but can also be used to analyze the future directions of the trajectories for each pollutant in each city. Presented in table 5 are a few examples of such analyses. The analyses are based on the slope changes, i.e. the derivatives of the pollution concentration with respect to income. If a slope is positive, the pollution-income trajectory is increasing; if it is negative, the trajectory is decreasing. For a normal EKC, the slope should be positive at the beginning, become zero at the turning point, and be negative after income passes the turning point. The results presented in table 5 are the EKC slopes of NOx, SO2 and TSP for four cities in different years. The four cities selected are Chengdu, Dalian, Nanning and Zhengzhou, where the slopes of TSP curves changed from positive to negative. 13 The slopes are projected for each of the four cities with a 10% increase in one of the structure and policy variables -K/L, openness degree and environmental regulation, from the year of 2001, while other variables are kept at the level of 2001. We can see that the slopes are in general sensitive to the structure and policy changes. The slope-adjustment sensitivities of K/L ratio and environmental regulation are stronger than that of openness degree.
Discussion and Conclusion
Although widely studied from both theoretical and empirical perspectives, the intensive debates on Environmental Kuznets Curve (EKC) in the past decade generated more noises than answers. While the theoretical analyses can predict an inverted U curve for the dynamic relationship between pollution and income, they do not suggest a one-form-fit-all curve for the economies with different structural, technical or institutional arrangements. Researchers observed, suspected, and criticized the great sensitivity of the estimated EKC with crosscountry data to the assumption of the functional forms. It is clear that the country-specific dynamic pollution-income trajectories projected from theoretical analyses should be different from the EKCs obtained from cross-country experiences. Recognizing this problem, many researchers tended to discard the EKC obtained from cross-country experiences and to focus on country-specific analyses. However, facing data availability constraints, these analyses can only be carried out in several developed countries. Their historical experiences, while certainly not optimal, offer very little implications for the developing countries, where the ways of economic growth in the future will have important strategic meanings for the global environment.
In this paper, we propose a comprehensive, multiplicative EKC model with which economy-specific structural and policy variables can be integrated into the analyses of pollution-income trajectories with cross-economy data. Comparing to the basic EKC model, the multiplicative model in general has a better explanation power with a higher flexibility in simulating an economy-specific dynamic pollution-income relationship. The direct inclusion of economic and policy characters into the estimation of pollution-income relationship can also help turn the simple coefficients into policy suggestions.
This study emprically estimated a set of multiplicative EKC models for three conventional air pollutants: NOx, SO2 and TSP, by using data from 74 Chinese cities in the years from 1991 to 2001. It demonstrated that economic structure and development polices such as the capital-labor ratio, openness degree and environmental enforcement capacity could all directly change the pollution-income relationship. The estimation results show that the impacts of these policy and structure variables can be nonlinear and the signs of the impacts can change after income reaches to certain levels. This implies that at different development stages, a certain economic structure or development policy may have different impacts on environmental quality.
The results shown that, during the period of 1991-2001 in China, the openness policy as measured by FDI ratio had increased the concentrations of almost all three conventional air pollutants. The capital abundance, as measured by the ratio of capital to labor, increased the concentration of TSP and decreased the concentration of NOx generally, but increased the 13 The choice of these four cities is dependant on the consideration of their representativeness in geographical location and economic development level.
concentration of SO2 only in rich areas while reducing SO2 concentration in poor areas. Reinforcing environmental regulation had reduced the pollution concentrations only after income reached to certain levels.
We should also note that other development policy and structure variables which are not included in this study might also have affected the pollution-income trajectory in China during the period of 1991-2001. It is practically impossible to include all important structure and policy variables into one model, especially when higher polynomial income terms are included in a multiplicative EKC estimation. While the multiplicative approach presented in this study should be used in future EKC analyses, this modeling strategy potentially suffers from multicollinearity problems. (0.000) (0.000) Number of observation 733, number of groups=72. significant at 15%; *significant at 10% ; ** significant at 5%; *** significant at 1% Absolute value of t statistics in parentheses 
